The Relative Specific Type Ia Supernovae Rate From Three Years of
  ASAS-SN by Brown, J. S. et al.
ar
X
iv
:1
81
0.
00
01
1v
2 
 [a
str
o-
ph
.G
A]
  2
1 F
eb
 20
19
MNRAS 000, 1–?? (2017) Preprint 22 February 2019 Compiled using MNRAS LATEX style file v3.0
The Relative Specific Type Ia Supernovae Rate From
Three Years of ASAS-SN
J. S. Brown,1∗ K. Z. Stanek,1,2 T. W.-S. Holoien,3 C. S. Kochanek,1,2
B. J. Shappee,4 J. L. Prieto,5,6 S. Dong,7 P. Chen,7 Todd. A. Thompson,1,2
J. F. Beacom,1,2,8 M. D. Stritzinger,9 D. Bersier,10 and J. Brimacombe11
1 Department of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
2 Center for Cosmology and Astro-Particle Physics, The Ohio State University, 191 West Woodruff Avenue, Columbus, OH 43210, USA
3 Carnegie Observatories, 813 Santa Barbara Street, Pasadena, CA 91101, USA
4 Institute for Astronomy, University of Hawaii, 2680 Woodlawn Drive, Honolulu, HI 96822
5 Nu´cleo de Astronomı´a de la Facultad de Ingenier´ıa y Ciencias, Universidad Diego Portales, Av. Eje´rcito 441, Santiago, Chile
6 Millennium Institute of Astrophysics, Santiago, Chile
7 Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Road 5, Hai Dian District, Beijing 100871, China
8 Department of Physics, The Ohio State University, 191 W. Woodruff Ave, Columbus, OH 43210, USA
9 Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK-8000 Aarhus C, Denmark
10 Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
11 Coral Towers Observatory, Cairns, QLD 4870, Australia
Accepted XXX. Received YYY; in original form ZZZ
ABSTRACT
We analyze the 476 SN Ia host galaxies from the All-Sky Automated Survey for
Supernova (ASAS-SN) Bright Supernova Catalogs to determine the observed relative
Type Ia supernova (SN) rates as a function of luminosity and host galaxy properties.
We find that the luminosity distribution of the SNe Ia in our sample is reasonably
well described by a Schechter function with a faint-end slope α ≈ 1.5 and a knee
M⋆ ≈ −18.0. Our specific SN Ia rates are consistent with previous results but extend
to far lower host galaxy masses. We find an overall rate that scales as (M⋆/10
10M⊙)
α
with α ≈ −0.5. This shows that the specific SN Ia rate continues rising towards lower
masses even in galaxies as small as log(M⋆/M⊙) . 7.0, where it is enhanced by a
factor of ∼ 10 − 20 relative to host galaxies with stellar masses ∼ 1010M⊙. We find
no strong dependence of the specific SN Ia rate on the star formation activity of the
host galaxies, but additional observations are required to improve the constraints on
the star formation rates.
Key words: catalogues – supernovae: general – galaxies: general
1 INTRODUCTION
Type Ia supernovae (SNe Ia), which arise from the
thermonuclear detonation of carbon-oxygen white dwarfs
(Hoyle & Fowler 1960), are a fundamental pillar of modern
astronomy, cosmology, and physics. These events are un-
ambiguously classified with low resolution optical spectra
(Filippenko 1997), and evolve in such a way that their in-
trinsic luminosities and thus distances can be inferred with
relatively high precision (Phillips 1993; Hamuy et al. 1995;
Riess, Press & Kirshner 1996). The widespread interest in
SNe Ia has been primarily driven by their luminosity and
homogeneity, which makes them excellent probes of the large
∗E-mail: brown@astronomy.ohio-state.edu
scale universe and cosmic evolution (e.g., Riess et al. 1998;
Perlmutter et al. 1999). Given the pivotal role of SNe Ia in
our understanding of the fundamental constants of our uni-
verse, and the tension with other independent cosmologi-
cal experiments (e.g., Planck Collaboration et al. 2016), it
is paramount that we expand our understanding of their
origins.
Unfortunately, our picture of SNe Ia is not as con-
strained as one might hope. Even the physical systems that
give rise to the explosions are not well characterized (for
reviews, see Maoz & Mannucci 2012; Wang & Han 2012).
The two competing theories both involve a carbon-oxygen
WD in a close binary. In the single-degenerate (SD) scenario
(Whelan & Iben 1973; Nomoto 1982), the binary compan-
ion is a non-degenerate star which steadily transfers mass
c© 2017 The Authors
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onto the WD until a thermonuclear runaway occurs. In
the double-degenerate (DD) scenario (Tutukov & Yungelson
1979; Iben & Tutukov 1984; Webbink 1984), a merger or
collision (e.g., Thompson 2011; Dong et al. 2015) of two
white dwarfs provides the necessary conditions for explo-
sive burning of the carbon-oxygen fuel. Observational evi-
dence disfavors the presence of a SD companion in the most
well-studied cases (Nugent et al. 2011; Chomiuk et al. 2012;
Shappee et al. 2013, 2018b). On the other hand, there are
theoretical difficulties with producing a SN Ia from the DD
scenario (e.g., Shen et al. 2012).
One avenue for progress is the characterization of the
delay-time distribution (DTD) of SNe Ia, or the SN Ia rate
as a function of time after an episode of star formation. By
constraining the rate at which SNe Ia occur after an episode
of star formation, certain progenitor scenarios can be ruled
out. The SN Ia DTD is broadly consistent with a t−1 form;
equivalently, there is evidence for a population of SNe Ia
that occur promptly after star formation (t ∼ 108 yr),
and a delayed component that occurs at much later times
(t & 109 yr) (Mannucci et al. 2005; Scannapieco & Bildsten
2005; Sullivan et al. 2006; Brandt et al. 2010; Maoz et al.
2011; Maoz, Mannucci & Brandt 2012).
An alternative approach is characterizing the SN Ia
host galaxy population. Observationally, lower mass galax-
ies produce more SNe Ia per unit stellar mass than high-
mass galaxies (e.g., Mannucci et al. 2005). This has mo-
tivated several studies geared towards improving our un-
derstanding of the relationship between SNe Ia and their
host galaxies. In particular, the Lick Observatory Super-
nova Search (LOSS; Li et al. 2000), the Nearby Supernova
Factory (SNfactory; Aldering et al. 2002; Childress et al.
2013a), the Texas Supernova Search (TSS; Quimby 2006),
the SuperNova Legacy Survey (SNLS; Astier et al. 2006;
Guy et al. 2010), the Sloan Digital Sky Survey–II Su-
pernova Survey (Frieman et al. 2008), and the Palomar
Transient Facility (PTF; Law et al. 2009) identified several
trends between SNe Ia properties and their host galaxies
(e.g., Neill et al. 2009; Sullivan et al. 2010; Lampeitl et al.
2010; Pan et al. 2014), as well as the relative SN Ia rate
as a function of host galaxy properties (e.g., Neill et al.
2006; Sullivan et al. 2006; Quimby et al. 2012; Smith et al.
2012; Gao & Pritchet 2013; Li et al. 2011a; Graur & Maoz
2013; Graur, Bianco & Modjaz 2015; Graur et al. 2017;
Heringer et al. 2017).
A more contentious issue is whether these trends ex-
tend to local environments within the host galaxies. Char-
acterizing this relationship is important, since the resid-
uals of fits to the dependence of distance on redshift
(i.e., Hubble residuals) are correlated with host galaxy
properties (e.g., Lampeitl et al. 2010; Sullivan et al. 2010;
Kelly et al. 2010; Gupta et al. 2011; Johansson et al. 2013;
Childress et al. 2013b; Pan et al. 2014; Wolf et al. 2016;
Uddin et al. 2017). Several studies have suggested that
Hubble residuals are indeed correlated with local environ-
ment (Rigault et al. 2013, 2015; Moreno-Raya et al. 2016;
Roman et al. 2017), while Jones, Riess & Scolnic (2015) ar-
gue that there is no dependence on local star formation
rate (SFR). Similarly, Anderson et al. (2015) used an in-
dependent sample of SNe and recovered the dependence
of SN Ia properties on host galaxy parameters, but found
no dependence of SN Ia properties on the local environ-
ment. Of course, the general galaxy population evolves
with redshift (Madau et al. 1996; Hopkins & Beacom 2006;
Behroozi, Wechsler & Conroy 2013; Madau & Dickinson
2014), which makes understanding these trends critical for
utilizing high redshift SNe in cosmological studies.
The strategies employed in most SN surveys suffer
from observational biases and incompleteness problems that
the All-Sky Automated Survey for Supernovae (ASAS-SN;
Shappee et al. 2013; Kochanek et al. 2017) was designed to
minimize. ASAS-SN monitors the entire night sky at a rela-
tively high cadence. The discovery and rapid propagation
of nearby, bright transients to the astronomical commu-
nity allows for detailed follow-up with both ground and
space based instrumentation. ASAS-SN has been influen-
tial in the discovery of a wide variety of transients including
novel SNe (e.g., Dong et al. 2016; Godoy-Rivera et al. 2017;
Holoien et al. 2016c; Shappee et al. 2016, 2018a; Bose et al.
2018a; Vallely et al. 2018), tidal disruption events (TDEs;
Holoien et al. 2014, 2016b,a; Brown et al. 2016, 2017), flares
in active galactic nuclei (AGN; Shappee et al. 2014), stellar
outbursts (Holoien et al. 2014; Schmidt et al. 2014, 2016;
Herczeg et al. 2016), and cataclysmic variable stars (CVs;
Kato et al. 2014a,b, 2015, 2016). Additionally, ASAS-SN
data has played a crucial role in constraining the pre-
discovery and early-time light curves of several other inter-
esting objects (e.g., Bose et al. 2018b).
While the discovery and follow-up of these rare ob-
jects is informative, the statistical power of ASAS-SN has
yet to be exploited. ASAS-SN is largely agnostic with re-
gard to host galaxy properties and thus provides a quasi-
unbiased census of SNe in the nearby universe. Some SNe
are invariably missed due to their location on the sky, being
near bright stars or behind the Sun, and extinction (both
Galactic and extragalactic) will also result in some incom-
pleteness. However, for the optically accessible, bright SNe
(mV < 17), ASAS-SN is more sensitive to small galax-
ies and nuclear regions than most previous SN surveys
(Holoien et al. 2017a,b,c). Furthermore, the brightness and
sample size of the ASAS-SN survey has allowed us to spec-
troscopically follow-up and classify all of our discoveries,
which eliminates a significant source of uncertainty and bias
that has affected many previous SN surveys.
In this paper we perform a census of SN Ia host galaxies
using data from the first ∼ 3 years of ASAS-SN. In Section 2,
we describe the SN Ia sample and the archival data used to
analyze the host galaxies. In Section 3, we analyze the mass
distribution of the SN Ia host galaxies and derive the ob-
served specific SN Ia rate for an unprecedentedly wide range
of stellar masses. In Section 4, we summarize our findings
and discuss future directions.
2 DATA
2.1 The SN Ia Sample
The SN Ia sample is constructed from the ASAS-SN Bright
Supernova Catalogs (Holoien et al. 2017a,b,c). These cata-
logs contain 476 SNe Ia in total. ASAS-SN discovered 325 of
these SNe Ia, and out of the 151 not discovered by ASAS-
SN, 84 were recovered in ASAS-SN data. To build our un-
biased sample of SNe Ia, we selected SN Ia hosts for which
MNRAS 000, 1–?? (2017)
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Figure 1. SN Ia peak absolute magnitudes after applying cor-
rections for Galactic reddening and redshift (K correction), ver-
sus luminosity distance (redshift is shown on the top axis). The
dashed gray curve denotes the detection threshold for a survey
with a limiting magnitude mV = 17.0 mag, assuming no extinc-
tion along the line of sight. The vertical gray dashed line denotes
the distance limit used to construct our volume-limited sample.
Black (red) symbols show SNe discovered/recovered (not recov-
ered) by ASAS-SN. Circles represent normal SNe Ia, and squares
represent those belonging to the 91bg and 91T subclasses. The
small points denote peculiar SNe Ia (including Ia-02cx) that we
exclude from our analysis.
the transient peaked brighter than mV = 17 and was ei-
ther discovered by ASAS-SN or recovered after discovery in
ASAS-SN data. In order to construct the most complete and
unbiased sample as possible, we exclude the 67 SNe Ia that
were neither discovered nor recovered by ASAS-SN, and the
13 SNe Ia that did not peak brighter than mV = 17. Addi-
tionally, we exclude SNe Ia that were classified as peculiar
(e.g., Ia-pec or Ia-CSM), Ia-02cx events (Li et al. 2003), and
other rare and unusual subtypes (Ia-06bt, Ia-07if, Ia-09dc).
We retain the Ia-91bg and Ia-91T subtypes in our analysis,
since they likely constitute the tails of the distribution of
“normal” SNe Ia.
The resulting sample represents a nearly complete
and unbiased census of SNe Ia in the nearby universe
(Holoien et al. 2017b). However, the sample is not entirely
complete. A fraction of SNe are either undiscovered or ex-
cluded from the sample due to essentially random effects
(e.g., the position of the Sun, high Galactic extinction, or
bright foreground sources). These sources of incompleteness
are physically unassociated with the SNe, and thus do not
bias the calculation of relative quantities in any significant
way. There is also likely a population of SN Ia that are
missed due to extinction in the host galaxy. However, out
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Figure 2. Cumulative number of SNe as a function of apparent
magnitude. The black histogram shows the observed distribution,
the gray dashed line shows the expected number in a Euclidean
universe, and the green histogram shows the results from our sim-
ulation. We normalize the Euclidean and simulated curves to the
number of observed SNe discovered brighter thanmV = 16. Using
the differential form of this distribution, we derive the complete-
ness as a function of apparent magnitude by computing the ratio
of the number of observed SNe to the number of expected SNe at
a given brightness.
of all SN types, SNe Ia are the most weakly associated with
star-forming regions (Anderson et al. 2015), so the immedi-
ate local environment of SNe Ia is unlikely to be a signifi-
cant source of systematic incompleteness. This is also clearly
seen in models for the detection of SNe in the Milky Way
(Adams et al. 2013). There are populations of dusty galax-
ies in which SNe would be obscured in a significant volume
of the host (e.g., ultraluminous infrared galaxies or ULIRGs
Lonsdale, Farrah & Smith 2006), but at low redshift these
galaxies are rare. Goto et al. (2011) found that LIRGs and
ULIRGs are responsible for . 10% and . 0.5% of the total
infrared luminosity in the local universe, respectively, which
means that these heavily dust obscured galaxies are not rep-
resentative of the underlying stellar mass distribution in the
universe. Furthermore, the SNe in these dusty galaxies are
not necessarily missed by modern optical surveys: SN 2014J
(Fossey et al. 2014) was discovered in the optical despite
the fact that the host galaxy M82 is relatively dusty by low
redshift standards. With these considerations in mind, the
ASAS-SN sample is the closest realization of a statistically
complete and unbiased supernova survey of the nearby uni-
verse to date.
The SN sample constructed here is, by design, a mag-
nitude limited sample. All else being equal, the relatively
luminous SNe Ia (and their host galaxies) will be over rep-
resented, since the effective survey volume scales roughly as
L
3/2
SN . In practice, the situation is more complex. While mas-
MNRAS 000, 1–?? (2017)
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Figure 3. Left: The observed distributions of SN Ia absolute magnitudes. The full and volume-limited samples presented here are shown
by the solid black and dashed red histograms, respectively. For comparison, the dot-dashed blue histogram shows the distribution from
the volume-limited LOSS sample (Li et al. 2011b). The volume-limited samples have a larger fraction of relatively faint SNe than the full
sample, as one would expect. Right: True relative luminosity function (i.e., corrected for completeness, redshift, and luminosity bias).
The dashed lines show our fits to the SN Ia luminosity function.
sive host galaxies host fainter, faster SNe Ia (Hamuy et al.
2000), the intrinsic luminosities of SNe Ia of a given color
and stretch (i.e., after correction) are higher in more mas-
sive galaxies. Furthermore, many of the SNe in our sample
are found deep within their host galaxies, where extinction
may be non-negligible. In fact, ASAS-SN is more sensitive to
SNe embedded within the starlight of big galaxies than other
surveys (Holoien et al. 2017b). To minimize the dependence
on completeness corrections, we also construct a volume-
limited sample (z < 0.02; DL . 90 Mpc), which should not
be significantly affected by the correlation between SN Ia
brightness and host galaxy mass.
In Figure 1 we show the distribution of observed
SN Ia absolute magnitudes. We have applied a correc-
tion for Galactic reddening (Cardelli, Clayton & Mathis
1989; O’Donnell 1994; Schlafly & Finkbeiner 2011) and a
K correction (Kim, Goobar & Perlmutter 1996; Hogg et al.
2002). The K corrections are computed with SNooPy
(Burns et al. 2011), which uses the SN Ia templates from
Hsiao et al. (2007). The magnitudes have not been corrected
for the local reddening from the host galaxy. Thus, the ab-
solute magnitudes are simply
MV = mV − AV,Gal − µ(z)−K(z). (1)
We show these absolute magnitudes versus luminosity dis-
tance with the redshift shown on the top axis. The black
points denote SNe either discovered or recovered by ASAS-
SN, while the red points denote SNe that were not recov-
ered by ASAS-SN and are excluded from our analysis. The
squares represent SN Ia subtypes, and the small circles rep-
resent the peculiar SNe Ia that are excluded from our anal-
ysis. The gray dashed curve shows the detection threshold
for a magnitude limited survey with a limiting magnitude
mV = 17.0. The vertical gray dashed line shows the distance
limit for our volume-limited sample. Within this volume, we
expect to recover nearly all SN Ia with absolute magnitudes
MV . −18, which is & 80% of SNe Ia (Li et al. 2011b).
For SNe Ia with absolute magnitudes MV & −18, even our
volume-limited sample is incomplete, but this is a relatively
small fraction of SNe.
In Figure 2 we show the relative completeness of our
sample as a function of peak apparent magnitude. The black
histogram shows the observed cumulative distribution; the
dashed gray line shows the expected distribution in a Eu-
clidean universe, normalized to the number of SNe discov-
ered at mV < 16.0. In order to gain a better estimate of
the expected distribution in mV , we simulate 10
5 SNe uni-
formly distributed in comoving volume, with distances up
to 500 Mpc. For each SN, we randomly generate an abso-
lute magnitude drawn from a Gaussian distribution with
mean MV = −18.5 mag and σ = 1.0 mag, which (as we
will show) is a reasonable approximation of the SN Ia lu-
minosity function (Li et al. 2011b). We weight each SN by
a factor of (1 + z)−1 to account for the time dilation of
SN rates. The resulting distribution is shown in Figure 2 by
the green histogram. The simulated distribution differs little
from the expectation for a Euclidean universe. At mV ∼ 17,
our sample is roughly ∼ 70% complete, consistent with the
results from Holoien et al. (2017b). We use the differential
form of this distribution in order to compute a complete-
ness correction as a function of apparent magnitude for SNe
fainter than mV ∼ 16. We apply no completeness correction
to the bright end of the distribution where the differences
are dominated by statistical fluctuations.
MNRAS 000, 1–?? (2017)
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Once we have the completeness corrections, we can es-
timate the relative luminosity function of SNe Ia, which
we show in Figure 3. In the left panel we show the ob-
served distribution of absolute magnitudes. The black his-
togram shows the full sample, and the red histogram shows
the volume-limited sample; the dot dashed blue histogram
shows the distribution of the volume-limited LOSS sam-
ple (Li et al. 2011b). The volume-limited samples have a
higher fraction of low luminosity SNe Ia than the full mag-
nitude limited sample. We convert the ASAS-SN distribu-
tions into estimates of the true luminosity function using
the V/Vmax method (Schmidt 1968; Huchra & Sargent 1973;
Felten 1976). For each SN, we compute the maximum vol-
ume (Vmax) in which the SN could be recovered by a survey
with a limiting magnitude mV = 16.8. This is an empiri-
cal limiting magnitude; this value produces a median value
of V/Vmax close to 0.5, which is to be expected if sources
uniformly populate the survey volume. We compute the rel-
ative luminosity function for each bin in absolute magnitude
centered on M as
Φ(M) =
N∑
i=1
1
VM,i
×wi × (1 + zi), (2)
where the sum is over all the SNe within the bin. The weights
wi correct for the incompleteness given the apparent peak
magnitude of each SN, and the factor of (1 + z) accounts
for time dilation. The results are shown in the right panel
of Figure 3. The black circles show the relative luminos-
ity function computed from the full sample, the red squares
show the results for the volume-limited sample, and the blue
crosses show the control-time weighted counts from Li et al.
(2011b). The luminosity functions are normalized to the bin
at MV = −19. In this paper we are not aiming for an ab-
solute rate calibration. The shape of the relative luminosity
function is consistent with the volume-limited luminosity
function presented in Li et al. (2011b). We fit a Schechter
(1976) function
φ(L) ∝
(
L
L∗
)α
exp
(
−
L
L∗
)
(3)
to the relative luminosity function of both the full and vol-
ume limited samples, where α is the faint-end slope, and
L∗ (alternatively M∗ in magnitude space) determines the
“knee” of luminosity function. Our fits are shown in Fig-
ure 3 as dashed lines. We find (α,M∗) corresponding to
(1.3 ± 0.4,−18.1 ± 0.1) and (2.1 ± 0.3,−17.8 ± 0.1) for the
full sample and the volume-limited sample, respectively.
2.2 Archival Host Data
We assembled the archival host data from the ASAS-SN
Bright Supernova Catalogs (Holoien et al. 2017a,b,c, Ta-
bles 2 and 4). These tables contain archival data from the
Galaxy Evolution Explorer (GALEX ; Morrissey et al. 2007)
All Sky Imaging Survey, the optical ugriz model magni-
tudes from the Sloan Digital Sky Survey Data Release 13
(SDSS DR13; Albareti et al. 2017), the near-infrared (NIR)
JHKS magnitudes from the Two-Micron All Sky Survey
(2MASS Skrutskie et al. 2006), and the IR W 1 and W 2
magnitudes from the Wide-field Infrared Survey Explorer
(WISE; Wright et al. 2010) AllWISE source catalog. In Fig-
ure 4 we show the fractional representation of SNe Ia sub-
types used in this analysis (left) as well as a breakdown
of the photometric survey data used to model their hosts
(right).
To supplement the optical coverage of host galax-
ies in our sample, we also retrieve the grizy data from
the Panoramic Survey Telescope and Rapid Response Sys-
tem (Pan-STARRS; Chambers et al. 2016; Flewelling et al.
2016), which expands the sample of SN Ia host galaxies with
optical coverage to include all galaxies with declinations
δ > −30◦ and apparent magnitudes mg . 23. In order to
assemble a sample of Pan-STARRS magnitudes, we use the
Pan-STARRS stack images and the Pan-STARRSMean Ob-
ject Catalog to identify the sources and their unique object
IDs. We use these objIDs to cross match with the StackOb-
jectThin and StackObjectAttributes tables, and then extract
the stacked Kron magnitudes and radii corresponding to the
primary detection for each host galaxy. We also retrieve the
detection flags, but in most cases we find that a by-eye in-
spection of the galaxy spectral energy distributions (SEDs)
provides a more robust discriminator of the reliability of the
photometry. For the host galaxies with SEDs that fail our
by-eye inspection (e.g., due to vastly different Kron radii
amongst the filters), or if the host was too faint or diffuse
to be detected by the Pan-STARRS pipeline, we perform
aperture photometry on the stacked images with a circu-
lar aperture and a fixed radius. The aperture is chosen by
eye to capture as much of the galaxy flux as possible; circu-
lar apertures are also used to mask contaminating sources
such as foreground stars. As a test, we compared our “by
hand” magnitudes with reliable stacked Kron magnitudes
and found good agreement.
3 ANALYSIS
The 2MASS and WISE magnitudes form the starting point
for the host galaxy SED modeling. The WISE catalog, in
particular, is relatively deep, and nearly all host galaxies
are detected in both W1 and W2. These bands are primarily
sensitive to the stellar mass. Similarly, we also include the
GALEX NUV magnitudes in the model by default, since
the NUV coverage provides constraints on the stellar age
and mass-to-light ratio. However, there is no uniform all-
sky optical survey, so we have a choice as to which dataset
to include in the SED fitting. When possible, we adopt the
masses derived from the SDSS data. In a small number of
instances, the SDSS magnitudes are unreliable and we adopt
the mass derived from the Pan-STARRS data instead. In a
few cases, the host galaxy spans several arcminutes on the
sky, and the catalogued photometry for most surveys does
not reflect the true photometry of the host galaxy. In these
instances, we adopt the JHKS magnitudes from the 2MASS
Large Galaxy Atlas (2MASS LGA; Jarrett et al. 2003) and
model the galaxy using only these magnitudes.
We model the host galaxy SEDs with the publicly avail-
able Fitting and Assessment of Synthetic Templates (fast
Kriek et al. 2009). We assume a Cardelli, Clayton & Mathis
(1989) extinction law with RV = 3.1 and the Galactic ex-
tinction taken from Schlafly & Finkbeiner (2011). We also
assume an exponentially declining star-formation history, a
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Normal SN Ia (351 | 73.7%)
Subtype SN Ia (35 | 7.4%)
Excluded (90 | 18.9%)
SDSS (202 | 42.4%)
PanSTARRS (145 | 30.5%)
2MASS+WISE (124 | 26.1%)
Upper Limit Only (5 | 1.1%)
Excluded (90 | 18.9%)
Figure 4. Left: The breakdown of the SN Ia types included in our analysis. The overall sample comes from the ASAS-SN Bright Supernova
Catalogs (Holoien et al. 2017a,b,c). The SNe Ia excluded from our analysis were either not recovered by ASAS-SN, or were peculiar in
type. Right: The breakdown of the archival data used to model the SN Ia host galaxies. The galaxies which hosted unrecovered or peculiar
SNe Ia are excluded. A small number of galaxies were lacking the data needed for a robust mass estimate; their masses should be regarded
as upper limits. For every host galaxy, we incorporate the 2MASS+WISE data in the modeling whenever possible. When reliable SDSS
photometry is not available, we use PanSTARRS stack data or, for the galaxies outside the PanSTARRS footprint (δ < −30◦), the
masses are estimated from the 2MASS+WISE data only.
8 9 10 11 12
log(M⋆/M⊙) [this work]
8
9
10
11
12
lo
g(
M
⋆
/M
⊙
)
[G
al
sp
ec
]
−4 −3 −2 −1 0 1
log (SFR) [M⊙ yr
−1] [this work]
−4
−3
−2
−1
0
1
lo
g
(S
F
R
)
[M
⊙
yr
−
1
]
[G
al
sp
ec
]
Figure 5. Stellar masses (left) and SFRs (right) derived here compared to the MPA-JHU Galspec estimates. We find generally good
agreement, although our SFRs are less constrained and may be systematically lower in high SFR galaxies.
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Figure 6. Left: Comparison of all host galaxies in our sample (colored symbols) with the MPA-JHU Galspec galaxies (gray contours)
in the M⋆ − SFR plane. The green line shows our division between actively star-forming galaxies (blue symbols) and passive galaxies
(red symbols), corresponding to a log(sSFR) < −11 yr−1. Right: PanSTARRS images for a sample of host galaxies, demonstrating the
diversity of our host galaxy sample. The image scale corresponds to a proper distance of 20 kpc on a side. The numbers in parentheses
are log(M⋆/M⊙) and log(SFR), respectively. The images are ordered such that the stellar mass is increasing rightward, and the SFR is
increasing upward.
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Figure 7. Left: Luminosity distance versus host galaxy stellar mass. The color and symbol scheme is the same as in Figure 1. Right:
SN Ia peak absolute magnitudes versus host galaxy stellar mass. The green diamonds show the mean absolute magnitude for galaxies
hosting the discovered or recovered SNe Ia above 1010M⊙ (N = 243), and below 1010M⊙ (N = 143). The error bars show the range of
masses and the standard deviation of the absolute magnitudes in the two samples. The difference in the mean absolute magnitudes of
the two samples essentially consistent with zero (0.057± 0.056 mag). These averages have not been corrected for the overrepresentation
of luminous SNe inherent to a magnitude limited sample such as this one, but we note that the the same calculation performed on the
smaller volume limited sample suggests no significant difference (0.06 ± 0.12 mag).
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Figure 8. Left: Cumulative distribution of host galaxy masses for the entire Bright Supernova Sample (solid gray histogram), the host
galaxies with SNe Ia either discovered or recovered by ASAS-SN (solid black histogram), and the low redshift host galaxies with SNe Ia
either discovered or recovered by ASAS-SN (dashed black histogram). Right: Cumulative distribution of SN Ia host galaxies from various
surveys. The black histograms show the host galaxies with SNe Ia discovered/recovered by ASAS-SN. The blue histogram shows the
volume-limited SN Ia host galaxy sample from Li et al. (2011b), the green histogram shows the distribution of SN Ia host galaxies from
PTF (Pan et al. 2014), and the gray dashed line shows the cumulative galaxy mass function of all galaxies from Bell et al. (2003). The
ASAS-SN sample includes a larger fraction of low-mass galaxies than other low redshift SN surveys.
Salpeter initial mass function, and the Bruzual & Charlot
(2003) stellar population models. Given the heterogenous
mix of photometry for these galaxies, the statistical uncer-
tainties are generally much smaller than the systematic un-
certainties. The statistical uncertainties of a given measure-
ment may be a few hundredths of a magnitude or smaller,
while the systematic uncertainties (e.g., due to variations in
aperture size or background subtraction between filters) are
generally at the tens of percent level or more. Artificially
small uncertainties in a single survey or measurement will
drive the fit to match that particular survey at the expense
of fitting the archival data from other archival surveys. In
order to minimize this effect, we assign a minimum uncer-
tainty of 0.1 mag to the photometry when modeling the host
galaxy SED.
For each galaxy we inspect the various fits to the
archival data and adopt a preferred mass given the consid-
erations outlined above. As a check, we compare the masses
derived with our fast fits to those from the MPA-JHU Gal-
spec pipeline (Kauffmann et al. 2003) where available, and
we find the results are generally consistent. As shown in
Figure 5, our SFR estimates are less well constrained than
the Galspec data, but this is to be expected given that we
are utilizing photometric data only. Additionally, while our
SFR estimates agree reasonably well with the Galspec val-
ues, there is some indication that for high SFR galaxies, our
SFRs are systematically lower than the Galspec values.
We also see an indication of discrepant SFR estimates
when we view the distribution of SDSS galaxies compared
to the distribution of our host galaxies in the M⋆ − SFR
plane. This is shown in Figure 6. The gray shaded contours
represent the SDSS galaxies, while the colored circles show
host galaxies from our sample. The green dashed line corre-
sponding to a log(sSFR) = −11 yr−1 represents our nominal
separation between high and low star-forming galaxies. For
host galaxies with nominal SFR < 10−4 M⊙ yr
−1, we adopt
the SFR upper limit from the fast results, which are shown
with downward arrows. The host galaxies from our sample
follow the overall distribution of SDSS galaxies, but at the
high SFR end, we appear to have a deficit of SN Ia hosts.
However, given the generally weak constraints on our SFR
estimates and the potential for significant systematics be-
tween our models and the Galspec results, we refrain from
making any strong claims about the origin of this trend.
Future work addressing the SFR as well as chemical abun-
dances of SN Ia host galaxies will require additional observa-
tional constraints (namely spectroscopic follow-up) in order
to 1) improve the constraints on these parameters, and 2)
reduce the potential for modeling biases between our host
galaxy population and the galaxy population at large.
In Figure 7 we show the distribution of host galaxy
masses versus luminosity distance (left) and SN absolute
magnitude (right). The color and symbol schemes are the
same as Figure 1. Leftward arrows denote upper limits on
the host galaxy mass. The green diamonds in the right panel
of Figure 7 show the mean host galaxy mass and SN Ia ab-
solute magnitude for galaxies above 1010M⊙ (N = 243) and
below 1010M⊙ (N = 143) for the full sample used in this
analysis. The difference in the median absolute magnitudes
of the two samples is ∼ 0.14 mag, while the difference in the
mean absolute magnitudes is smaller (0.057 ± 0.056 mag),
suggesting the SN Ia in more massive galaxies are marginally
fainter than the SNe Ia in the lower mass galaxies. This is
consistent with previous studies (e.g., Sullivan et al. 2010;
Pan et al. 2014), which found that low stretch (i.e., fainter)
SNe Ia are found in more massive galaxies. These averages
have not been corrected for the overrepresentation of lumi-
nous SNe inherent to a magnitude limited sample such as
this one, but we note that the the same calculation per-
formed on the smaller volume limited sample suggests no
significant difference (0.06 ± 0.12 mag). The overall ampli-
tude of this effect is not large, and would only result in a
. 15% enhancement of low-mass galaxies over high-mass
galaxies, all else being equal.
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Figure 9. The SN Ia rate per unit stellar mass as a function of host galaxy mass, relative to the rate at 1010M⊙. The black points are
calculated using the full sample of host galaxies with SNe Ia either discovered or recovered by ASAS-SN; the red points are calculated
from the volume-limited sample. Error bars correspond to the 84% confidence intervals computed from the Gehrels (1986) approximations
for binomial statistics. The dashed blue curve shows the Kistler et al. (2013) analytic fit to the LOSS SN Ia host galaxy sample in Li et al.
(2011a). The black and red solid lines show the approximate dependence of the specific SN Ia rate, assuming a power law normalized to
unity at 1010M⊙.
In Figure 8 we show the cumulative distribution of host
galaxy masses. In the left panel, we show all 476 galaxies in
the ASAS-SN Bright Supernova Catalogs (gray solid line)
the 386 galaxies hosting SNe Ia either discovered or recov-
ered by ASAS-SN (black solid line), and the volume-limited
(z ≤ 0.02) subset of 113 galaxies hosting SNe Ia either dis-
covered or recovered by ASAS-SN. The mass distributions
are quite similar, but the volume-limited sample has a slight
enhancement of low-mass galaxies compared to the full sam-
ple of discovered/recovered SN Ia hosts.
In the right panel we compare the total and volume-
limited samples from ASAS-SN (black solid and dashed his-
tograms, respectively) to the distribution of host galaxy
masses from other low redshift supernova surveys. The green
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Figure 10. The ratio of the SN Ia rate in actively star-forming
galaxies to that in passive galaxies, as a function of host galaxy
stellar mass.
and blue histograms show the distribution of SN Ia host
galaxy masses from PTF (Pan et al. 2014) and the volume-
limited LOSS sample (Li et al. 2011b), respectively. The
gray dashed line shows the overall galaxy mass function from
Bell et al. (2003). The host galaxy mass distributions from
the ASAS-SN sample (and to a lesser extent the PTF sam-
ple) are much more sensitive to lower mass galaxies than
LOSS. This is principally due to the fact that LOSS was a
targeted SN survey and preferentially observed large galax-
ies. The LOSS survey was instrumental in demonstrating
that lower mass galaxies produce a larger number of SNe Ia
than higher mass galaxies, but LOSS was only able to mea-
sure the SN Ia rate in galaxies with stellar masses & 109M⊙
(Li et al. 2011a). It is important to note that this effect is
not due a bias in ASAS-SN against SNe in massive galax-
ies. The results in Holoien et al. (2017b) demonstrate that
ASAS-SN is actually more sensitive to SNe in large galaxies
(including SNe near the galaxy nuclei) than other surveys.
Additionally, the ASAS-SN sample has a significantly larger
number of SNe than the other surveys. The benefit of using
an unbiased SN survey to conduct a census of SN host galax-
ies is quite clear; SNe occur in locations that, in practice,
cannot be monitored with traditional targeted surveys.
In order to obtain the observed specific SN Ia rate, we
need to apply several corrections to the host galaxy mass dis-
tribution, and we follow the same procedure used to compute
the relative luminosity function. First, we need to increase
the weights of the galaxies hosting faint SNe. We compute
these weights from the completeness corrections presented
in Section 2. Additionally, we need to correct for time dila-
tion and the fact that the luminous SNe can be observed to
greater distances. We find that there is at most only a mod-
est correlation between the SN luminosity and host galaxy
stellar mass, and thus do not implement any explicit cor-
rection for this relationship. In short, we use Equation 2 to
sum over the host galaxies in each stellar mass bin, using
the properties of the individual SNe to compute the appro-
priate weights. Finally, we need to assume a form for the
underlying galaxy stellar mass function. We adopt the g-
band derived stellar mass function from Bell et al. (2003),
which we have converted to a Salpeter IMF by scaling their
masses by −0.15 dex. For each bin, we divide the weighted
histogram by the integral of the stellar mass function over
the width of the bin (i.e.,
∫M2
M1
MdMdn/dM) and normalize
to the 1010M⊙ bin to obtain the relative SN Ia rate per unit
stellar mass. We note that an enhanced specific SN Ia rate at
low masses could potentially be due to an underestimation
of the stellar mass function at low masses. However, the re-
sults from Baldry et al. (2012) show that the faint-end slope
of the stellar mass function remains relatively constant even
down to the lowest masses considered here.
Figure 9 shows this normalized specific SN Ia rate
as a function of host galaxy mass over the range 6.25 ≤
log(M⋆/M⊙) ≤ 12.25. The black circles show the rate cal-
culated using the full ASAS-SN sample, and the red squares
show the rate calculated from the volume-limited sample.
The dashed blue line shows the analytic fit to the Li et al.
(2011a) results from Kistler et al. (2013). At the high mass
end (9.5 . log(M⋆/M⊙) . 11.5), we find remarkably good
agreement with the results from Kistler et al. (2013). Mov-
ing towards lower masses, the Kistler et al. (2013) curve
suggests a flattening in specific SN Ia rate, but this is
largely due to their assumed analytic form. The ASAS-
SN data show that the specific SN Ia rate continues to
rise towards lower mass galaxies, down to stellar masses of
∼ 107M⊙. That is, progressively lower mass galaxies pro-
duce more SNe Ia per unit mass than more massive galax-
ies. This trend is broadly consistent with previous stud-
ies (Sullivan et al. 2006; Li et al. 2011a; Smith et al. 2012;
Graur & Maoz 2013), but this has never been shown for
low redshift galaxies spanning such a broad range of masses
(e.g., LOSS is only sensitive to galaxies with stellar masses
M⋆ & 10
9M⊙). For both the full and volume-limited sam-
ples, we fit a power law to the bins above 108M⊙ normalized
to unity at 1010M⊙, such that r = (M/10
10M⊙)
α. We find
αfull = −0.57 ± 0.09 and αvol. = −0.53 ± 0.05, which are
shown by the black and red lines for the full sample and
volume-limited subsample, respectively. These values are in
excellent agreement with the results from Li et al. (2011a).
Compared to the higher redshift surveys, we find a
steeper mass dependence. Sullivan et al. (2006) find that the
specific rate is essentially flat for the passive galaxy popu-
lation, and a similar trend is seen for the SDSS sample in
Smith et al. (2012). Instead, these studies have argued that
the increased rate of SN Ia at low stellar masses is primarily
due to increasing sSFR (or decreasing age) with decreasing
stellar mass (e.g., Mannucci et al. 2005; Sullivan et al. 2006;
Smith et al. 2012). While there is clear evidence that sSFR
increases with decreasing stellar mass (Brinchmann et al.
2004; Speagle et al. 2014), the relationship in the low red-
shift galaxy population may be more shallow than previ-
ously believed (Boogaard et al. 2018), and thus would not
explain the enhanced SN Ia rates at low masses we observe
here. It is quite likely that host galaxy metallicity, which is
also highly correlated with stellar mass (e.g., Tremonti et al.
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2004; Gallazzi et al. 2005), is an important factor driving SN
demographics (Prieto, Stanek & Beacom 2008; Khan et al.
2011a,b; Kistler et al. 2013). It is critical that we understand
the SFRs and metallicities of the host galaxy population if
we are to understand the physical origin of the enhanced
SN Ia rate at low stellar masses.
Given the relatively loose constraints on the host galaxy
SFRs, we simply split our sample into a star-forming sub-
sample (log(sSFR) > −11 yr−1) and a passively evolving
sample (log(sSFR) ≤ −11 yr−1). Galaxies with only up-
per limits on SFRs are automatically assigned to the pas-
sive sample. We compute the relative rates following the
same procedure as outlined above, but include an addi-
tional factor in the weights accounting for the fractions of
blue and red galaxies as a function of stellar mass. At low
masses (M⋆ . 10
9M⊙) the galaxy population is dominated
by star-forming galaxies with relatively few passive galax-
ies, while at high masses the opposite is true. We derive the
correction factors by computing the fraction of early and
late type galaxies the stellar mass functions presented in
Bell et al. (2003). Our procedure assumes that the mapping
in Bell et al. (2003) between early and late type galaxies is
reasonably consistent with our division between passive and
star-forming galaxies. We note, however, that Baldry et al.
(2012) argue that below ∼ 108.5M⊙, the relative populations
of blue and red galaxies are not all that well constrained, and
that at very low masses (e.g., . 107.5M⊙) the fractions of
red and blue galaxies may be comparable. Given these un-
certainties, we adopt a maximum correction factor for the
low-mass galaxies fixed to the value computed at 109M⊙.
We show the SN Ia rate in actively star-forming galaxies
relative to that in passive galaxies in Figure 10. We find no
strong evidence that the relative SN Ia rate strongly depends
on star formation activity. In the high-mass galaxies where
most of the SNe Ia originate (M⋆ ∼ 10
10
− 1011M⊙), the
actively star-forming galaxies appear to produce marginally
more SNe Ia than the passive galaxies of the same mass. This
is consistent with previous findings (e.g., Mannucci et al.
2005; Graur et al. 2017). On the other hand, at lower
masses, there is no evidence that active galaxies are more
efficient at producing SNe Ia than passive galaxies. In fact,
in both cases there is little evidence that the ratio of the rel-
ative rates in the two samples differs from unity. In any case,
a careful assessment of this behavior requires more robust
measurements of SFRs, and better estimates of the relative
galaxy stellar mass functions.
4 CONCLUSIONS
We leveraged the statistical power of three years of discover-
ies presented in the ASAS-SN Bright Supernova Catalogs to
construct a sample of SNe Ia that is largely unbiased with re-
spect to host galaxy properties and nearly complete within
∼ 100 Mpc. We derived the relative completeness of the
V -band component of ASAS-SN as a function of apparent
magnitude which, combined with the the peak V -band mag-
nitudes from the catalogs, we used to construct the relative
luminosity function of SNe Ia in the low redshift universe.
This luminosity function is reasonably well described by a
Schechter (1976) function with a faint-end slope α ≃ 1.5 and
a “knee” at M⋆ ≃ −18.0.
We used archival photometric data from the near-UV,
optical and near-IR wavelengths to derive masses and star
formation rates for the SN Ia host galaxy population. Fi-
nally, we used this host data in conjunction with the indi-
vidual SN data to derive the relative SN Ia rate as a function
of host galaxy properties.
We find that the observed specific SN Ia rate scales ap-
proximately as (M⋆/10
10M⊙)
−0.5 over 5 decades in mass
fromM⋆ ≃ 10
7M⊙ toM⋆ ≃ 10
12M⊙. The lowest mass galax-
ies produce ∼ 100 times more SNe Ia per unit stellar mass
than their massive counterparts. We find no strong evidence
of a dependence of the specific SN Ia rate on star formation
activity, but to derive meaningful constraints on the the host
galaxy sSFRs, spectroscopic observations are needed. Such
observations would also provide the data needed to mea-
sure chemical abundances and characterize how the SN Ia
rate depends on metallicity. Given the low redshift nature
of the sample, obtaining optical photometry and medium
resolution spectroscopy for ∼ 100% of the host galaxies
would be a large but feasible undertaking, especially for a
volume-limited or other well-defined subsamples. Similarly,
multiple efforts are underway to monitor low redshift SN Ia
(Foley et al. 2018, Chen et al., in preparation), which will be
invaluable for studying the relationships between SN Ia light
curve properties and their host galaxies in this revolutionary
SN Ia sample.
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APPENDIX A: HOST DATA
The auxilliary data for the SNe and host galaxies used in this
analysis are presented in Table A1 and the photometry of the
host galaxies is presented in Table A2.
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Table A1. Physical host data.
SN name Host name Included?a SN type Redshift V b
peak
AV log(M⋆) [M⊙] log(SFR) [M⊙ yr
−1]c
ASASSN-13an 2MASX J13453653-0719350 True Ia 0.0216 15.8 0.11 10.52+0.14
−0.29 0.01
+0.07
−0.09
ASASSN-13ar VV 478 True Ia 0.01775 14.8 0.15 9.26+0.07
−0.14 −0.65
+0.18
−3.35
ASASSN-13av NGC 7068 True Ia 0.01729 15.7 0.27 10.79+0.09
−0.18 < −0.51
ASASSN-13aw CGCG 252-043 True Ia 0.016835 15.0 0.07 9.84+0.45
−0.15 −0.36
+0.25
−0.23
ASASSN-13bb UGC 01395 True Ia 0.017405 15.7 0.20 10.80+0.08
−0.24 −0.06
+0.03
−0.23
ASASSN-13cc NGC 1954 True Ia 0.01044 15.0 0.39 11.46+0.01
−0.01 < −4.00
ASASSN-13ch CGCG 023-030 True Ia 0.01646 15.8 0.33 9.12+0.20
−0.10 −0.42
+0.11
−0.28
ASASSN-13cj CGCG 051-075 True Ia 0.018 15.3 0.20 9.43+0.01
−0.01 < −4.00
ASASSN-13cp ARK 477 True Ia 0.023576 15.9 0.16 11.12+0.01
−0.33 −0.19
+0.01
−0.34
ASASSN-13cu VIII Zw 035 True Ia 0.0272 16.6 0.09 10.30+0.15
−0.17 −0.02
+0.02
−0.15
ASASSN-13dd NGC 2765 True Ia 0.01255 15.2 0.09 11.01+0.14
−0.14 < −1.83
ASASSN-13dl Uncatalogued True Ia 0.027 16.6 0.14 8.59+0.33
−0.92 < 0.84
ASASSN-13dm 2MASX J03021111+1555387 True Ia 0.017 15.6 0.36 10.29+0.07
−0.07 −0.93
+0.03
−0.02
ASASSN-14ad KUG 1237+183 True Ia 0.0264 16.9 0.05 9.71+0.18
−0.47 −0.23
+0.09
−0.24
ASASSN-14ar IC 0527 True Ia-91bg 0.02298 16.0 0.06 10.88+0.21
−0.44 0.20
+0.11
−4.20
ASASSN-14as MGC +06-29-001 True Ia 0.03744 16.9 0.04 10.30+0.09
−0.10 −1.30
+0.98
−2.70
ASASSN-14ax SDSS J171000.69+270619.5 True Ia 0.033 16.4 0.13 9.00+0.10
−0.10 −0.58
+0.04
−0.19
ASASSN-14ay 2MASX J15570268+3725001 True Ia 0.030869 16.3 0.06 10.19+0.24
−0.13 −1.70
+0.51
−2.30
ASASSN-14ba SDSS J102131.91+082419.8 True Ia-91T 0.032668 16.8 0.08 9.19+0.08
−0.08 −1.07
+0.01
−1.70
ASASSN-14bb 2MASX J12141125+3839400 True Ia 0.023 16.1 0.04 9.72+0.08
−0.09 −1.48
+0.00
−0.01
ASASSN-14bd IC 0831 True Ia-91bg 0.021405 16.9 0.03 11.00+0.04
−0.28 −2.19
+0.06
−1.81
This table is available in its entirety in a machine readable form. A portion is shown here for guidance regarding its form and content.
a This column denotes whether or not this SN/host galaxy pair was used in the analysis.
b Peak magnitudes measured from ASAS-SN V -band data when possible. For instances when this was not possible, peak magnitudes
from D. W. Bishop’s Bright Supernova website were adopted and may be from different filters.
c The lower limits on the SFR generally not well constrained; we truncate the limits at 10−4M⊙ yr−1.
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Table A2. Photometric data.a
SN name Host name mNUV mSDSS u mSDSS g mSDSS r mSDSS i mSDSS z Opt. Survey
b
ASASSN-13an 2MASX J13453653-0719350 16.8± 0.1 – – – – – PS1
ASASSN-13ar VV 478 17.7± 0.1 16.9± 0.1 15.2 ± 0.1 14.6± 0.1 14.3 ± 0.1 14.1± 0.1 PS1
ASASSN-13av NGC 7068 – 16.3± 0.1 14.6 ± 0.1 13.7± 0.1 13.3 ± 0.1 12.9± 0.1 SDSS
ASASSN-13aw CGCG 252-043 16.8± 0.1 – – – – – PS1
ASASSN-13bb UGC 01395 16.8± 0.1 15.6± 0.1 14.1 ± 0.1 13.3± 0.1 12.9 ± 0.1 12.6± 0.1 SDSS
ASASSN-13cc NGC 1954 – – – – – – –
ASASSN-13ch CGCG 023-030 17.8± 0.1 16.9± 0.1 16.0 ± 0.1 15.7± 0.1 15.5 ± 0.1 15.3± 0.1 SDSS
ASASSN-13cj CGCG 051-075 20.3± 0.1 17.2± 0.1 15.5 ± 0.1 14.7± 0.1 14.3 ± 0.1 14.0± 0.1 PS1
ASASSN-13cp ARK 477 17.8± 0.1 16.1± 0.1 14.3 ± 0.1 13.5± 0.1 13.1 ± 0.1 12.7± 0.1 SDSS
ASASSN-13cu VIII Zw 035 17.4± 0.1 16.6± 0.1 15.4 ± 0.1 14.8± 0.1 14.6 ± 0.1 14.3± 0.1 SDSS
ASASSN-13dd NGC 2765 17.9± 0.1 14.5± 0.1 12.7 ± 0.1 11.9± 0.1 11.5 ± 0.1 11.2± 0.1 SDSS
ASASSN-13dl Uncatalogued – – – – – – PS1
ASASSN-13dm 2MASX J03021111+1555387 19.2± 0.1 – – – – – PS1
ASASSN-14ad KUG 1237+183 17.8± 0.1 17.5± 0.1 16.5 ± 0.1 16.1± 0.1 16.0 ± 0.1 15.9± 0.1 SDSS
ASASSN-14ar IC 0527 16.3± 0.1 18.6± 0.1 16.9 ± 0.1 17.1± 0.1 15.4 ± 0.1 15.4± 0.1 –
ASASSN-14as MGC +06-29-001 – 17.1± 0.1 15.7 ± 0.1 15.0± 0.1 14.6 ± 0.1 14.3± 0.1 SDSS
ASASSN-14ax SDSS J171000.69+270619.5 19.4± 0.1 18.7± 0.1 17.9 ± 0.1 17.6± 0.1 17.4 ± 0.1 17.2± 0.1 SDSS
ASASSN-14ay 2MASX J15570268+3725001 20.6± 0.3 18.0± 0.1 16.3 ± 0.1 15.5± 0.1 15.2 ± 0.1 14.9± 0.1 SDSS
ASASSN-14ba SDSS J102131.91+082419.8 19.6± 0.1 18.7± 0.1 17.3 ± 0.1 16.7± 0.1 16.4 ± 0.1 16.1± 0.1 SDSS
ASASSN-14bb 2MASX J12141125+3839400 19.9± 0.1 17.9± 0.1 16.5 ± 0.1 15.9± 0.1 15.5 ± 0.1 15.3± 0.1 SDSS
ASASSN-14bd IC 0831 19.6± 0.1 16.4± 0.1 14.6 ± 0.1 13.7± 0.1 13.3 ± 0.1 12.9± 0.1 SDSS
This table is available in its entirety in a machine readable form. A portion is shown here for guidance regarding its form and content.
a The full table contains additional columns for PS1, 2MASS, and WISE magnitudes.
b This column denotes which survey produced the optical magnitudes used in the modeling (if any).
M
N
R
A
S
0
0
0
,
1
–
?
?
(2
0
1
7
)
